The availability of high-quality molecular graphics tools in the public domain is changing the way macromolecular structure is perceived by researchers, educators and students alike. Computational methods have become increasingly important in a number of areas such as comparative or homology modelling, functional site location, characterization of ligand-binding sites in proteins, docking of small molecules into protein binding sites, protein-protein docking, and molecular dynamics simulations. The results obtained yield information that sometimes is beyond current experimental possibilities and can be used to guide and improve a vast array of experiments. On the basis of our improved level of understanding of molecular recognition and the widespread availability of target structures, it is reasonable to assume that computational methods will continue aiding not only in the design and interpretation of hypothesis-driven experiments in the field of cancer research but also in the rapid generation of new hypotheses.
INTRODUCTION
Cancer is usually viewed as a result of cumulative genetic damage in susceptible cells that makes them escape the normal constraints to unscheduled proliferation. The ever increasing list of both gain-of-function mutations that convert protooncogenes to oncogenes and loss-of-function mutations that inactivate tumour-suppressor genes [1] is providing a wealth of putative targets for anticancer drug discovery other than the DNA molecule itself, which has been one of the prototypical targets for decades [2] [3] [4] . Genes "simply" code for protein sequences but the functionality emerges through many protein-protein, protein-DNA, protein-RNA, and protein-ligand interactions in both cells and whole organisms. These interactions are in many ways akin to computations (but alas using an operating systemthe 'logic of life' [5] -that is far from being completely understood), and are organized in networks or pathways [6, 7] , some of which are recurrently found mutated in human tumours. Interestingly, in tumour cells harbouring a number of cancer-causing mutations, it has been shown that correction of even a single defect can impair cellular proliferation and/or induce apoptosis [8] . Conceptually, this improved knowledge brings us closer to the paradigm that the same abnormalities that lead to the emergence of cancer cells may also eventually serve, through properly targeted pharmacological intervention, as the basis for their demise. To increase the therapeutic index of novel anticancer agents, however, it is crucial to identify both the changes that are continuously required for maintenance of the transformed phenotype [9, 10] [8] . Experiments with genetically modified animals can help in delineating the true association between gene expression and disease [11, 12] , as well as in validating a given gene product as a therapeutic target. The phenotype a given gene produces in a cell or organism depends not only on the biochemical function of the protein it encodes but also on the cellular function this protein performs as part of an assemblage or complex with other molecules. For this reason, one of the first steps in the process of converting sequence information (as provided by the genome projects) into functional information is the interpretation of how amino acid (and less often nucleotide) sequences dictate the three-dimensional structures into which they fold.
The availability of high-quality molecular visualization programs from the public domain (e.g. RasMol [17] ) that can be installed on one's favourite navigator for free, is changing the way molecular structure is perceived by researchers, educators and students alike. Molecular graphics and computer simulations are frequently used today to guide and improve a vast array of experiments, to interpret and present some of the results, to pose novel relevant questions, and to extract structural and energetic information that is usually beyond current experimental possibilities [18] . Apart from being an integral part of X-ray crystallography and NMR spectroscopy methods that are commonly used in structure determination and structurebased screening [19, 20] , a variety of computational methodologies have become increasingly important in a number of areas such as (i) comparative or homology modelling [21, 22] , (ii) functional site location and characterization of ligand-binding sites in proteins [23] , (iii) docking of small molecules into protein binding sites [24, 25] , protein-protein docking [26, 27] , and (v) molecular dynamics (MD) simulations (Fig. 1) .
The initial feeling that theoretical calculations were a waste of time [28] (not least because of the near impossibility of treating such complex systems as macromolecules in living cells with the level of detail that was thought to be necessary to add something of importance to our knowledge) is giving way to a renewed wave of confidence in simulation methodologies. Ongoing improvements in molecular mechanics force fields [29, 30] , the almost systematic incorporation of solvent molecules and counterions into the models [31] , and a reliable treatment of long-range electrostatics using particle mesh Ewald methods [32] are making it possible to simulate the dynamics of relatively large systems (including such highly charged ones as nucleic acids [33, 34] ) over considerably long times, sometimes approaching the microsecond time scale [35] , without the instabilities that plagued earlier simulations. Moreover, replacement of explicit solvent by the much faster Generalized Born (GB) implicit model [36] in some applications is extending the length of these MD simulations even further. These methodologies are now well suited to study conformational changes that are coupled to function [37] and also, in conjunction with quantum mechanical methods, the course of enzymatic reactions [38] . A number of tools ('targeted' or 'steered' [39, 40] MD) also exist that can 'pump' some extra energy into the system to accelerate the crossing of local barriers thus allowing the study of processes that would normally occur too slowly in a standard MD run based only on random thermal fluctuations. The repertoire of macromolecules relevant to cancer that can be studied by these methods has also expanded enormously in the last 20 years, from just a handful of 'classical' targets (e.g. short DNA oligonucleotides, dihydrofolate reductase or thymidylate synthase) to DNA-protein complexes [41] , RNA [42] , and whole protein families (e.g. growth factor receptors [43] , kinases [44] , and phosphatases [45] ), both alone and in complex with ligands.
Researchers arguably have on their laptops today more computing power than was available on most mainframe computers when MD simulations of macromolecular systems started at the end of the 1970s [46] . Moreover, a realistic alternative to large-scale 'supercomputers' these days is to use massively grid-distributed computing [47] . Thus, the power of dozens or hundreds of inexpensive personal computers (PCs) can be harnessed toward a common goal such as the folding of a protein [48] or the docking of potential ligands into a protein binding site. An extension of this concept to literally millions of PCs linked on the Internet using their idle time is the CAN-DDO cancer screening project [49] sponsored by the National Foundation for Cancer Research (NFCR) and scientifically coordinated from the NFCR Centre for Computational Design [50] . The software currently used [51] builds 3D coordinates for druglike derivatives of both commercially available molecules and compounds from combinatorial chemistry libraries, generates conformers, docks into selected protein targets, and ranks the hits using a scoring function [52] . The aim of this virtual screening (VS) approach, which represents a typical compromise between speed and accuracy, is to Fig. (1) . Pictorial representation of major uses of computational applications in protein target building and characterization, ligand and protein docking, and molecular dynamics simulations that can be of value in the design of novel anticancer drugs. eliminate inactive compounds from testing and increase the chemical diversity of putative hits [53] .
The obvious need for experiment and serendipity in the search for new anticancer agents will continue in the near future. Nonetheless, based on the current level of understanding of molecular recognition and the widespread availability of target structures, it is reasonable to assume that computational methods will become even more useful. Due to their fastness, they will aid not only in the design and interpretation of hypothesis-driven experiments but also in the rapid generation of new hypotheses. This latter approach, sometimes derisively called 'ignorance-based' [54] , can also be of value: in the words of Nobel Prize winner Linus Pauling, to have a good idea you need to have lots of ideas.
